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FIG. 3
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IMAGE CODING APPARATUS, IMAGE
DECODING APPARATUS, IMAGE
PROCESSING APPARATUS AND METHODS
THEREOFK

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an image coding apparatus
which compresses a still image with high efficiency, an image
decoding apparatus, an i1mage processing apparatus and
methods thereof.

(2) Description of the Related Art

As amethod for compression coding a still image with high
eiliciency, the JPEG and the JPEG 2000 are set as standards
(for example, see ITU-T Rec. T.81, Information Technol-
ogy—Digital Compression and Coding of Continuous-Tone
Still Images—, 1992.). In addition, the moving picture coding
standards such as MPEG-2, H.264 and others employs an
intra coding method 1 which the image which 1s to be an
access point 1s coded without referring to other image 1s used.

An 1image completion method for generating a completed
image by removing a part of image from the 1image taken by
a digital camera and the like and covering the removed part
with completion pixels (For example, 1. Drori, D. Chohen-Or,
H. Yeshurun, “Fragment-based image completion™, Proceed-
ings of ACM SIGGRAPH 2003, pp. 303-312 (2003)). In the
conventional methods, a stmilar part 1s searched from the part
other than removed part 1n an 1mage, and the removed part 1s
filled using the pixels 1n the similar part.

The super resolution 1mage processing has been proposed
as another 1mage processing method. The super resolution
image processing 1s a method for generating a highly accurate
high resolution 1image by generating high-frequency content
which 1s not included 1n a low resolution 1mage, and adding,
the high-frequency component to the low resolution image.
As examples of the super resolution 1mage processing, meth-
ods 1n which present high resolution image 1s used as an
example (For example, A. Hertzmann, C. Jacobs, N. Oliver,
B. Curless, D. Salesin, “Image Analogies”, SIGGRAPH 2001

Conterence Proceedings, and S. Baker and T. Kanade, “Lim-

[ 1

its on Super-Resolution and How to Break Them”, IEEE
Transactions on Pattern Analysis and Machine Intelligence,
Vol. 24, No. 9, Pages: 1167-1183-, September 2002.) and a
method in which a transformation table from a low resolution
image to high resolution 1mage have been proposed (For
example, W. T. Freeman, T. R. Jones and E. C. Pasztor,
“Example-based Super-Resolution,” IEEE Computer Graph-
ics and Applications, Vol. 22, No. 2, pp. 56-65, March/April
2002).

SUMMARY OF THE INVENTION

The still image coding methods and intra image coding,
methods have a problem that coding 1s less efficient (the
compression rate 1s lower) than the inter prediction coding
method using the motion compensation which 1s adapted to
the MPEG-2 and the H.264.

Inthe conventional image completion methods, a relatively
natural completion image can be obtained when the removed
part 1s to be completed with a flat image and when the
removed part 1s to be completed with a textured image in the
part which 1s not removed. However, when the removed part
1s to be completed with an 1mage 1n a complex shape and
when the removed part 1s to be completed with an 1mage
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2

which does not exist in the non-removed part, there 1s another
problem that the completed image results 1n an unnatural
image.

The conventional super resolution image processing
requires an example high resolution 1mage and a transforma-
tion table. The example high resolution 1mage and the trans-
formation table have to be an image close to a low resolution
image and a transformation table suitable for the low resolu-
tion 1mage, respectively. However, 1n the references above, 1t
1s assumed that the model high resolution image 1s obtained 1n
advance, or transiormation table 1s also generated in advance,
and none refers to a method for obtaining an example high
resolution 1mage. Consequently, there 1s a problem with the
conventional super resolution image processing method that a
high resolution image with enough resolution cannot be
obtained when the super resolution 1image processing 1s per-
formed on a typical low resolution image.

It 1s an object of the present invention to propose an 1mage
coding method and an 1image decoding method which can
dramatically improve coding eificiency (increase the com-
pression rate) compared to the conventional method when
coding an 1mage which 1s conventionally coded using the
intra coding, the 1image being a still image or 1n a moving
picture.

It 1s another object of the present invention to propose an
image processing method 1n which a natural completed image
can be generated 1n the case where a completed 1mage 1s
generated by deleting a part of image from the image taken by
a digital camera and the like and by compensating the
removed part with completion pixels even when the removed
part 1s to be completed with an 1image having a complex
shape, or when the removed part 1s completed with an 1mage
which does not exist in the non-removed part.

It 1s another object of the present invention to propose an
image processing method in which high-performance super
resolution 1mage processing can be implemented even when
the example high-resolution image 1s not obtamned in
advance.

In order to achieve the object, the image coding apparatus
according to the present mvention includes a search unit
which searches at least one second still image which 1s similar
to a first still image from a group of 1mages; a coding unit
which generates a predictive image for the first still image
using the at least one second still image as a reference 1image
and to generate a bit stream by coding a difference between
the first still image and the predictive image; and an addition
unit which adds, to the bit stream, information which indi-
cates alocation of the at least one second still image. With this
configuration, the first still image 1s not coded 1itselt, but the
difference between the similar second still image 1s coded,
and thus the coding efficiency can be dramatically improved
(the compression rate 1s increased). In addition, by adding
information to the bit stream ensures complete decoding 1n
the 1mage decoding apparatus.

Here, 1t 1s preferable that each of the at least one second still
image 1ncludes a partial image of a subject corresponding to
a subject 1image 1n the first still image.

With this configuration, 1t 1s possible to further improve the
compression rate since this configuration increases the degree
of similarity of the second still image for the first still image.

Here, the 1image coding apparatus may further include a
transformation unit operable to perform a transformation pro-
cessing on the second still image, in which the transformation
processing 1s processing for transtforming the second still
image so as to match at least one of a size of the partial image
and an 1maging angle with the size of the subject image and an
imaging angle,
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the coding unit generates the bit stream by performing a
predictive coding on the first still image using the transformed
image similar to the second still image as a reference image,
and the addition unit adds, to the bit stream, transformation
information which indicates the transformation processing °
performed on the second still image.

With this configuration, at least one of the si1ze of the partial
image 1n the second still image and the 1maging angle is
matched to the subject image 1n the first still image, and thus
the degree of similarity between the second still image and the
first st1ll image can be increased. Therelore, the compression
rate can be improved further.

Here, the image coding apparatus may further include a
storage unit which stores a plurality of still images, in which
the search unit searches the second still image from the group
of images which includes the plurality of still images stored 1in
the storage unait.

With this configuration, the search unit searches the second
still image from the same device in which the first still image
1s held. Thus, the search can be performed in a relatively
shorter time than the search on the Internet and the risk of
losing the second still image can be avoided.

Here, the search unit may search the second still image
from the group of images which includes still images on the
Internet.

With this configuration, 1t 1s possible to increase the pos-
s1ibility of finding the second still picture of a higher degree of
similarity.

Here, the search unit may include: a degree-of-similarity
computation unit which computes a degree of similarity
between each of candidate images included 1n the group of
images and the first still image; and a determination unit
which determines the at least one second still image from the
candidate 1images 1n order of the degree of similarity.

With this configuration, the compression rate can be dra-
matically increased by raising the threshold value; the search
time can be shortened by lowering the threshold value.

Here, the degree of similarity computation unit may:
extract a plurality of first feature points each of which repre-
sents a feature of the first still image; extract a plurality of
second feature points each of which represents a feature of the
candidate image; judge pairs each of which 1s a pair of one of
the first feature points and one of the second feature points 45
which correspond each other; and compute the degree of
similarity 1n such a manner that the more the number of pairs
1s, the higher the degree of similarity becomes.

With this configuration, the degree of similarity 1s com-
puted by the number of pairs, it is suitable for speeding up the °
pProcess.

Here, the degree of similarity computation unit may:
extract a plurality of first feature points each of which repre-
sents a feature of the first still image; extract a plurality of
second feature points each of which represents a feature of the
candidate image; judge pairs, each of which 1s a pair of one of
the first feature points and one of the second feature points
which correspond each other; and compute the transforma-
tion matrix, based on the pairs, for transtforming each of the
candidate images so that at least one of a si1ze of the candidate
image and an 1imaging angle of the candidate 1mage matches
the size of the first st1ll image and the imaging angle of the first

still image; and compute the degree of similarity 1n such a
manner that the smaller the degree of transformation in the
transformation 1s, the higher the degree of similarity
becomes.
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With this configuration, at least one of the size of the partial
image 1n the second still image and the 1maging angle is
matched to the first still image, and thus a higher compression
rate can be realized.

Here, the degree of similarity computation unit may:
extract a plurality of first feature points each of which repre-
sents a feature of the first still image; extract a plurality of
second feature points each of which represents a feature o the
candidate image; judge pairs, each of which 1s a pair of one of
the first feature points and one of the second feature points
which correspond each other; compute the transiformation
matrix, based on the pairs, for transtforming each of the can-
didate 1mages so that at least one of the size of the candidate
image and the 1maging angle of the candidate image matches
the size of the first still image and the imaging angle; and
compute the degree of similarity 1n such a manner that the
larger the number of pairs and the smaller the degree of
transformation are, the higher the degree of similarity
becomes.

This configuration improves calculation accuracy 1in com-
puting the degree of similarity, a higher compression rate can
be realized.

Here, the search unit may search each of candidate images
included 1n the group of 1mages based on metadata, and the
metadata includes at least one of a keyword, imaging location
information, and 1maging date information.

With this configuration, the time required for the search can
be shortened and thus a process time from the search to
coding can be shortened.

Here, the search unit may exclude a still image coded using
another still image as a reference 1mage from the at least one
second still image.

This configuration prevents reference 1 two steps or more,
and thus complex processing can be prevented. To put 1t
differently, when the second reference image 1s coded with
reference to other 1mages, the image referred to by the refer-
ence 1mage has to be obtained 1n order to perform coding,
resulting 1n complex processing, however this configuration
prevents such a complex process from occurring.

Here, the coding umit may code the first still 1mage on a
block-by-block basis, and at least one block 1s coded 1n the
predictive coding of the moving picture coding method using
one of the second still images as the reference 1image.

With this configuration, it 1s possible to decrease the cost
for developing and manufacturing the apparatus by diverting
a part of, or all of the software property and the hardware
property for the conventional moving picture compression
coding.

Here, the coding unit may include: a reference memory in
which the at least one of second still image 1s stored; a motion
vector detection unit operable to detect a motion vector of the
at least one block using the second still image 1n the reference
memory as the reference 1image; a subtraction unit operable to
compute a difference between the at least one block and a
predictive 1mage as prediction residual, the predictive image
obtained from the reference image based on the motion vec-
tor; and a variable length coding unit operable to perform a
variable coding on the prediction residual and the motion
vector.

This configuration facilitates developing and manufactur-
ing the apparatus by diverting a part of, or all of the software
property and the hardware property for the conventional mov-
ing picture compression coding.

Here, the coding unit may code the first still image on a
block-by-block basis, and at least one block 1s coded in the
bi-predictive coding of the moving picture coding method
using two of the second still images as reference images.
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With this configuration, it 1s possible to decrease the cost
for developing and manufacturing the device by diverting a
part of, or all of the software property and the hardware
property for the conventional moving picture compression
coding.

Here, the 1image coding apparatus may further include: a
reception unit operable to receive a delete mnstruction for
deleting the still image stored 1n the storage unit; a judging
unit operable to judge whether or not there 1s another still
image coded using the still image which 1s a subject of the
delete 1nstruction, and a notification unit operable to notity,
when 1t 1s judged that there 1s the another still image, that there
1s the another still image.

Here, the 1image coding apparatus may further include a
deletion unit which deletes the still image when the reception
unit recerves the delete 1nstruction again, in response to the
notification.

With this configuration, when the still image to be deleted
1s used as a reference 1mage, accidental deletion of the still
image can be prevented.

Here, the image coding apparatus may further include: a
designation unit which designates a first area in the first still
image; a specitying unit which specifies a second area 1n the
second still 1mage corresponding to the first area; and a
completion unit which removes pixels in the first area and
complete the removed first area with the pixels in the second
area, 1n which the coding unit codes the first still image on
which the completion 1s performed by the completion unat.

With this configuration, even when the removed part 1s to
be completed with an 1mage in a complex shape or when the
removed part 1s to be completed with an 1image which does not
exist 1n the non-removed part, 1t 15 possible to generate a
natural completed image and dramatically improve the com-
pression rate in coding.

Here, the image coding apparatus may further include a
super resolution unit which changes a resolution of the first
still image to a ligher resolution using at least one of the
second still image as a reference 1mage, 1n which the coding
unit 1s operable to code the first still image of which the
resolution 1s changed to a high resolution.

The first still image can be adjusted to a high resolution,
and furthermore, can be coded at a higher compression rate.
For example, although the first still image 1s adjusted to a high
resolution, the file size after coding can be reduced.

The image decoding apparatus according to the present
invention includes: an acquisition unit which acquires a bit
stream and additional information which indicates a first still
image, an 1mage acquisition unit which acquires a second still
image indicated 1n the additional information; and a decoding
unit which generates a predictive image for the first image
using the second still image as a reference image, and outputs
the first still image by adding a prediction residual obtained
from the bit stream indicating the first image and the predic-
tive 1mage.

With this configuration, the bit stream of the first still image
coded at a high compression rate can be decoded with the
image coding apparatus and the method according to the
present invention.

The 1image coding method, the image decoding method,
and the semiconductor device according to the present mnven-
tion includes the same configuration as the image coding
apparatus and the 1image decoding apparatus.

In addition, the image processing apparatus which
achieves another object above includes: a search unit which
searches at least one second still image which 1s similar to a
first still 1mage from a group of 1images; a designation unit
which designates a first area 1n the first still 1mage; a speci-
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tying unit which specifies a second area in the second still
image corresponding to the first area; and a completion unit
which removes pixels in the first areca and complete the
removed first area with the pixels 1n the second area.

With this configuration, the 1image processing apparatus
according to the present imvention can generate a natural
completed image when a completed 1mage 1s generated by
removing a part ol 1mage from an 1mage taken by a digital
camera and the like, and filling the removed part with com-
pleted pixels, even when the removed part 1s to be completed
with an 1image having a complex shape, or when the removed
part 1s completed with an 1image which does not exist 1n the
non-removed part.

Furthermore, the image processing apparatus which
achieves another object above includes: a search unit which
searches at least one second still image which 1s similar to a
first still image from a group of images, and a super resolution
unmit which changes a resolution of the first still image to a
higher resolution using the at least one second still image as a
reference 1mage.

With this configuration, the resolution of the low resolution
image mnto a high resolution even when an example high
resolution 1mage 1s not obtained 1n advance.

Note that the present invention can be realized not only as
the image coding apparatus and method, the 1mage decoding
method and the data management method, but also as a
method including steps 1n the 1mage coding method, the
image decoding method, and the data management method or
a program which causes a computer to execute these steps. It
1s needless to say that such a program can be distributed via
the recording medium such as a CD-ROM and transmission
media such as the Internet.

As described above, according to the image coding appa-
ratus and the image coding method 1n the present invention,
coding efficiency can be dramatically improved (increase the
compression rate).

In addition, 1t 1s possible to increase the degree of similarity
among the second still image and the first still image, the
compression rate can be further improved.

The risk of losing the second still picture can be avoided.

It 1s possible to 1ncrease the possibility of finding the sec-
ond still picture of a higher degree of similarity.

By raising the threshold, the compression rate can be dramati-
cally increased, while search time can be shortened by low-
ering the threshold value.

It 1s possible to decrease the cost for developing and manu-
facturing the apparatus by diverting a part of, or all of the
soltware property and the hardware property for the conven-
tional moving picture compression coding.

It 1s possible to prevent the second still picture to be used as

the reference 1mage from being accidentally deleted.
Even when the removed part 1s to be completed with an image
in a complex shape or when the removed part 1s to be com-
pleted with an 1mage which does not exist in the non-removed
part, 1t 1s possible to generate a natural completed image and
dramatically improve the compression rate 1n coding.

The resolution of the first still image can be changed to a
high resolution, and furthermore, can be coded at a higher
compression rate. For example, although the resolution of the
first still image 1s increased, 1t 1s possible to reduce the file size
alter coding.

The 1image coding apparatus and method according to the
present mvention can decode a bit stream of the first still
image coded at a high compression rate.

In addition, the 1mage decoding apparatus and the image
decoding method according to the present mvention can
assure full decoding 1n the 1mage decoding apparatus.
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The 1mage processing apparatus according to the present
invention can generate a natural completed 1image when a
completed 1mage 1s generated by removing a part of image
from an 1mage taken by a digital camera and the like, and
filling the removed part with completed pixels, even when the
removed part 1s to be completed with an 1mage having a
complex shape, or when the removed part 1s completed with
an 1mage which does not exist 1n the non-removed part.

Another 1mage processing apparatus according to the
present mvention can change a low resolution 1image into a
high resolution even when an example high resolution image
1s not obtained 1n advance.

Further Information about Techmical Background to this
Application

The disclosure of Japanese Patent Application No. 2007-
008833, 2007-008834, 2007-008835 filed on Jan. 18, 2007
including specification, drawings and claims 1s incorporated
herein by reference 1n 1ts entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-

tion thereof taken in conjunction with the accompanying
drawings that 1llustrate a specific embodiment of the mven-
tion. In the Drawings:

FIG. 1 1s a flowchart for describing the image coding
method 1n the first embodiment;

FI1G. 2 1s a block diagram showing the configuration of the
image coding method 1n the first embodiment;

FIG. 3 1s a flowchart showing a processing in the similar
image search unit;

FI1G. 4 1s a block diagram for describing the image coding
method;

FIG. SA 1s a pattern diagram for describing the image
coding method;

FIG. 3B 1s a pattern diagram for describing the
coding method;

FIG. 5C 1s a pattern diagram for describing the
coding method;

FIG. 6A 1s a pattern diagram for describing the
coding method;

FIG. 6B 1s a pattern diagram for describing the
coding method;

FIG. 6C 1s a pattern diagram for describing the
coding method;

FIG. 7A 1s a pattern diagram for describing the
coding method;

FIG. 7B 1s a pattern diagram for describing the
coding method;

FIG. 7C 1s a pattern diagram for describing the
coding method;

FIG. 7D 1s a pattern diagram for describing the
coding method;

FIG. 8A 1s a pattern diagram for describing the
coding method;

FIG. 8B 1s a pattern diagram for describing the
coding method;

FIG. 8C 1s a pattern diagram for describing the
coding method;

FIG. 8D 1s a pattern diagram for describing the
coding method;

FIG. 9A 1s a pattern diagram for describing a bit stream
generated 1n the 1mage coding method;

FIG. 9B 1s a pattern diagram for describing a bit stream
generated 1n the 1mage coding method;
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FIG. 9C 1s a pattern diagram for describing a bit stream
generated in the image coding method;

FIG. 9D 1s a pattern diagram for describing a bit stream
generated 1n the 1image coding method;

FIG. 10 1s a flowchart for describing the image coding
method 1n the second embodiment;

FIG. 11 1s a block diagram for describing the image decod-
ing method;

FIG. 12 1s a block diagram for describing the image decod-
ing method;

FIG. 13A 1s a tlowchart for describing the image coding
method;

FIG. 13B 1s a flowchart for describing the image coding
method;

FIG. 14 1s a flowchart for describing the image decoding
method;

FIG. 15 15 a flowchart for describing the data management
method 1n the third embodiment;

FIG. 16 1s a flowchart showing the order of processing in
the image processing method according to the fourth embodi-
ment;

FI1G. 17 1s ablock diagram showing the detail of processing,
of the image processing method;

FIG. 18A 1s a pattern diagram for describing the image
processing method;

FIG. 18B 1s a pattern diagram for describing the image
processing method;

FIG. 18C 1s a pattern diagram for describing the image
processing method;

FIG. 18D 1s a pattern diagram for describing the image
processing method;

FIG. 18E 1s a pattern diagram for describing the image
processing method;

FIG. 18F 1s a pattern diagram for describing the image
processing method;

FIG. 19A 1s a pattern diagram for describing the image
processing method;

FIG. 19B 1s a pattern diagram for describing the image
processing method;

FIG. 19C 1s a pattern diagram for describing the image
coding method;

FIG. 19D 1s a pattern diagram for describing the image
processing method;

FIG. 20A 1s a flowchart showing the order of processing in
the 1mage processing method 1n the fifth embodiment;

FIG. 20B 1s a flowchart showing the order of processing in
the 1mage processing method;

FIG. 21 1s a block diagram showing the configuration o the
1mage processing apparatus;

FIG. 22A 1s a pattern diagram for describing the image
processing method;

FIG. 22B 1s a pattern diagram for describing the image
processing method;

FIG. 22C 1s a pattern diagram for describing the image
processing method;

FIG. 22D 1s a pattern diagram for describing the image
processing method;

FIG. 23 1s a block diagram for describing the image decod-
ing method;

FIG. 24A 15 a explanatory diagram showing a recording
medium for storing a program to implement, by a computer
system, the image coding method, the image decoding
method and the data management method according to the
embodiments of the present invention;

FIG. 24B 1s a explanatory diagram showing a recording
medium for storing a program to implement, by a computer
system, the image coding method, the image decoding
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method and the data management method according to the
embodiments of the present invention;

FIG. 24C 1s a explanatory diagram showing a recording
medium for storing a program to implement, by a computer
system, the image coding method, the image decoding
method and the data management method according to the
embodiments of the present invention;

FIG. 25 1s a block diagram showing the entire configura-
tion of the content supply system:;

FIG. 26 1s a diagram showing a mobile phone 1n which the
image coding method, the image decoding method and the
data management method are used;

FIG. 27 1s a block diagram showing a mobile phone; and

FIG. 28 1s a diagram showing an example of a system for
digital broadcasting.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

First Embodiment

FIGS. 1 and 2 are a flowchart and a block diagram respec-
tively showing an order of processing 1in the image processing,
method according to the present invention. As shown 1n FIG.
2, the image coding apparatus according to the present mnven-
tion includes a similar image search unit 201, a coding pro-
cessing unit 202, a reference 1image processing unit 203, a
reference 1mage information processing unit 204, and a stor-
age medium 205,

As shown 1n FIG. 2, an image coding apparatus 200
includes the similar image search unit 201, the coding pro-
cessing unit 202, the reference 1image processing unit 203, the
reference 1mage information processing unit 204, and the
storage medium 203.

The similar image search unit 201 searches at least one of
a second still image (heremafter referred to as a similar
image) which 1s similar to the first still image which 1s to be
compressed and coded (hereinaiter referred to as an 1nput
image) from a group of 1images. The group of 1images 1s still
pictures stored in the storage medium 205 or still pictures
stored 1n the server 206 on the Internet.

The coding processing unit 202 generates a predictive
image for the input 1mage using at least one similar 1mage as
the reference 1mage, and generates a bit stream by coding the
difference between the input image and the predictive image.

The reference 1image processing umt 203 operates as a
transformation unit which performs a predetermined trans-
formation processing for at least one similar 1mage. In the
predetermined transformation processing, at least one of the
s1ze or the imaging angle of the subject image included 1n the
similar 1mage 1s transformed to match the subject image
included 1n the input picture. Although this transformation 1s
not essential, the degree of similarity of the similar 1mage 1s
increased by the transformation.

The reference 1image information processing unit 204 adds
information related to the source of the reference image, more
specifically, the information which indicates the location of at
least one of the similar image used as the reference 1mage. In
addition, the reference 1mage information processing unit
204 adds the transformation information when the similar
image 1s transiformed, the transformation mformation indi-
cates the transformation applied.

FIGS. SA to 5C are pattern diagrams for describing the
order of processing in the image coding method according to
the present invention.

The mput image (left of FIG. SA) 1s inputted to the similar
image search unit 201 (step S101).
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In the similar image search unit 201, an 1mage similar to the
input picture 1s searched and obtained from the images
recorded 1n the storage medium 205 1nside the devices (cam-
eras, personal computers, and video recorders and others) and
images stored 1n the server 206 on the Internet (Step S102).
When only images recorded 1n the devices are used, coding
eificiency may be slightly lower despite the high search
speed, while when 1mages on the database or the Internet are
used, the search takes longer although the coding efficiency
may be higher 1n coding processing.

Various conventional methods can be used for the method to
search similar images.

When searching the similar image, generally, feature quan-
tity 1s extracted from an 1image and a distance scale (degree of
similarity) 1s defined based on the feature quantity. An 1mage
which 1s closer 1n the distance scale with the mput image 1s
selected as the similar 1image from the 1mages stored 1n the
storage medium and the server and the like.

Here, when the input image 1s taken by a digital camera and
when the keywords, the imaging location information
obtained by the GPS and others, imaging date information
and others are attached to the image as meta information, a
search based on the keywords, the imaging location informa-
tion and the imaging date information and others 1s per-
formed, and then the 1mages can be narrowed down with
reference to the image feature quantity.

For example, when the location where the image was taken
1s known, an 1mage similar to the input image can be extracted
by using the name of the place as a keyword, using the
location of the place as imaging location information, using
the season or time as the 1maging date information.

Here, the similar image obtained by the similar image
search unit 201 may not be just one, however, following
description 1s made assuming that one similar image (left on
FIG. 3B) 1s obtained for the simplicity of description. In
addition, the image obtained by the similar image search unit
201 1s referred to as a reference 1image hereinaiter.

Furthermore, the information regarding the source of the
reference 1image 1s outputted to the reference image informa-
tion processing unit 204. As information regarding the source
of the reference image, file name and the like apply when the
reference 1mage 1s obtained 1n the device, and a URL, an IP
address and the name of the file and others apply when the
reference 1mage 1s obtained on the Internet.

FIG. 3 1s a flowchart showing a search processing in the
similar image search unmit 201. As shown 1n the flowchart, the
similar image searching unit 201 extracts a feature point of
the input image (S301). The number of the feature points 1s as
many as the points correspond to the intersection points of
edges and the corners. The Harris operator and Scale Invari-
ant Feature Transform (SIFT) method can be used as a
method for extracting the feature points.

Furthermore, the similar image search unit 201 collects a
group of candidate images using the meta information from
the still images stored in the storage medium 205 as a group
of images, or still images on the Internet as a group of 1mages
(S302).

After the group of candidate images 1s collected, the simi-
lar image search unit 201 computes the degree of similarity
for each of the candidate images in the loop 1 (S303 to S311).
In the loop 1, the similar image search unit 201 extracts
feature points ndicating features of the candidate image
(5304), judges pairs of feature points among the mput 1mage
and the candidate image which correspond each other (5305),
and computes the number of pairs (S306). On the right side of
FIG. SA, examples of feature points (301¢, 302¢, and 303¢) 1n
the candidate 1image are indicated. On the right side of FIG.
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5B, examples of corresponding feature points in the candidate
image (or the similar image) (301d, 3024, and 303d) are
indicated. Here, a candidate image 1n which the number of
pairs 1s less than the threshold value T1 1s not determined to be
a similar image and thus the candidate image 1s excluded from
the group of candidate images (S307, S312).

Next, the similar image search unit 201 computes the trans-
formation matrix for transforming the candidate image based
on the judged pairs so that the size and the imaging angle of
the candidate image are to be the same as those of the first still
image (S308), and computes a degree of transformation
which indicates the level of transformation of the candidate
image based on the transformation matrix (S309). Here, the
candidate 1image having a degree of transformation higher
than the threshold value T2 1s not determined to be a similar
image, and thus the candidate image 1s excluded from a group
of candidate 1images (8310, S312).

Furthermore, the similar image search unit 201 computes a
degree of similarity which increases the more the number of
pairs 1s, and the less the degree of transformation 1s (S311).

After the processing inloop 1, the similar image search unit
201 selects N candidate images as similar image 1n the order
of the higher calculated degree of stmilarity (S314). Here, N
may be at least 1.

The selected candidate image 1s mputted to the reference
image processing unit 203 as the reference image obtained 1n
the similar image search unit 201. Even if the reference image
1s an 1image taken in the same location as the input image, the
images are rarely taken in the same angle or the same size.
Thus, the reference image processing unit 203 transforms the
reference 1mage so that the reference 1mage has the same
angle and same size as those of the input 1mage (step S103).

Here, the description 1s made under the assumption that the
distance between the camera and the subject 1s significantly
longer than the depth of the subject (for example, 10 times
longer or more), and when the reference 1image 1s transformed
by a projection transformation (the aifine transformation) and
the like. In this case, 1t 1s necessary to compute a (projection)
transformation matrix between the mput image and the ref-
erence image. Here, the correspondence relationship between
the mmput 1image and the reference 1mage 1s computed, and the
transformation matrix 1s computed using the correspondence
relationship. When computing the correspondence relation-
ship between the mput 1image and the reference 1mage, a
method, for example, for extracting feature points of both
images using the Harris operator and the SIFT method to
compute the correspondence relationship of the feature points
In addition, when computing the transformation matrix from
the correspondence relationship, using a method such as the
least square method using the correspondence relationship of
the mliers after outliers are detected with reference to the
correspondence relationship and removed. Methods such as
the RANdom Sample Consensus (RANSAC) may be used for
detecting the outliers. The reference 1mage processing unit
203 transforms the reference image into the transformed ret-
erence 1mage (FIG. 3C) using the computed (projection)
transformation matrix, and outputs the transformed reference
image to the coding processing unit 202. Furthermore, the
information on the transformation matrix i1s outputted to the
reference 1mage information processing unit 204.

The mput image (FI1G. 5A) and the transformed reference
image (FI1G. 5C) 1s inputted to the coding processing unit 202.
FIG. 4 shows the configuration of the coding processing unit
202. As shown in FIG. 4, the coding processing umt 202
includes a frame memory 301, a difference computation unit
302, a prediction residual (difference) coding unit 303, a bit
stream generation unit 304, a prediction residual decoding
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umt 305, an addition computation unit 306, a frame memory
307, amotion vector detection unit 308, a mode selection unit
309, a coding control unit 310, an intra picture coding unit
311 and a switch 312. The coding processing unit 202 is
capable of performing the same function of the inter predic-
tive coding processing as 1n the conventional moving image
coding method such as the MPEG-2 and the H.264. Note that,
however, the processing differs from the processing using the
conventional moving image coding method in that the mput
image 1s not a moving image.

The mput image 1s held in the frame memory 301. In
addition, the transformed reference image 1s held in the frame
memory 307. The input image which 1s once held 1n the frame
memory 301 1s read per unit such as macroblock. Here, 1t 1s
assumed that the macroblock 1s horizontally 16 pixelsxverti-
cally 16 pixels.

Each of the macroblocks in the input image 1s processed 1n
the so-called inter picture predictive coding. The coded ret-
erence 1mage used in the inter picture predictive coding 1s the
transiformed reference 1image held 1n the frame memory 307.
Here, a case where there 1s one coded reference 1mage 1s
described. The macroblock 1s coded 1n either the intra coding
mode or the 1inter coding mode. In the intra coding mode, an
intra prediction 1s performed, and in the inter coding mode, an
inter prediction (motion compensation prediction) 1s per-
formed. In the coding processing unit 202, when coding the
macroblocks, a temporary coding including an intra predic-
tion and a motion compensation prediction 1s performed, and
determines which coding mode 1s the most efficient 1n coding.
Coding 1s performed 1n the coding mode which 1s determined
to be the most efficient in coding. The coding mode 1s deter-
mined 1n the mode selection unit 309. The order of coding
which includes determining the coding mode 1s described
hereafter. The description 1s made with reference to FIG. 6 A,
assuming that 501 represents the input image, and the coding
has been completed in the area represented as 502, and 503
represents the current macroblock to be coded.

The coding control unit 310 first connects the switch 312 to
d. The pixels which are read out from the frame memory 301
are mputted to the intra prediction unit 311.

The 1ntra prediction unit 311 generates an intra prediction
block using the intra prediction method. In the 1ntra predic-
tion unit 311, an intra prediction 1mage 1s generated per a
small block of 4x4 pixels included 1n the macroblock 503
shown 1n FIG. 6C. The method 1s described with reference to
FIGS. 7A to 7D. FIG. 7A 1s a pattern diagram showing posi-
tional relationship between the pixels 1 a block to be pro-
cessed 601 (white circles 1 broken lines) and pixels to be
used when generating an intra prediction image (white circles
in solid lines). The intra prediction image 1s generated using
the pixels 1n solid-line whate circles in the directions shown in
FI1G. 7B. Here, the reference numerals 1in FIG. 7B indicates
the intra prediction methods, and the prediction method 2 1s
not shown 1n the diagram since the average pixel value of the
neighboring pixels a to 1s used for the 1ntra prediction 1mage.
Thus, there are 9 intra prediction methods in total. For
example, 1n the intra prediction method 0, as shown 1n FIG.
7C, the pixel value of the pixel 1 1s determined to be the intra
prediction value for the four pixels on the leftmost column 1n
the current block 601. In the same manner, the pixels gto1are
respectively determined to be the intra prediction value for 4
pixels in each column. In addition, the pixel used when gen-
erating the intra prediction 1image (white circles 1n solid lines
in FI1G. 7A), coding has been completed and pixels are stored
in the frame memory 307.

An 1tra prediction method 1s selected for each small block
out of nine methods, the method can be determined 1n various
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ways. For example, an intra prediction method with which an
evaluation value computed based on a predetermined evalu-
ation standard 1s to be the maximum or the minimum can be
selected. For example, an addition of absolute values or an
addition of square values of the pixel values of the corre-
sponding pixel between the small block and the intra predic-
tion 1mage can be used as the evaluation standard. In this case,
an 1ntra 1mage prediction method i which the evaluation
value 1s to be the minimum 1s selected. The intra prediction
unit 311 outputs, per each small block, a number N which
indicates an intra prediction block and an intra prediction
method to the mode selection unit 309.

Subsequently, the coding control unit 310 1s connected to
the switch 312. The pixels in the macroblock to be processed,
which are read out from the frame memory 301 are inputted to
the motion vector detection unit 308.

In the motion vector detection unit 308, the transformed
reference 1mage stored in the frame memory 307 1s used as a
reference 1mage, and motion vector detection 1s performed

for each block in the macroblock. When detecting motion
vectors, a macroblock can be divided into blocks with various
shapes. FIG. 8A to 8D indicates the examples. FIG. 8A rep-
resents the case where the macroblock 1s not divided, F1G. 8B
represents the case where the macroblock 1s divided into two
macroblocks with horizontally 8 pixels and vertically 16 pix-
els, FIG. 8C represents the case where the macroblock 1s
divided 1nto two macroblocks with horizontally 16 pixels and
vertically 8 pixels, and FIG. 8D represents the case where the
macroblock 1s divided into four blocks with horizontally 8
pixels and vertically 8 pixels. When dividing the macroblock
into multiple blocks, different motion vectors can be detected
on each block. In addition, when detecting a motion vector 1n
cach block (macroblock), the motion vector can be deter-
mined 1n various methods. For example, a motion vector with
which an evaluation value computed based on a predeter-
mined evaluation standard 1s to be the maximum or the mini-
mum can be selected. For example, an addition of absolute
values or addition of square values of corresponding pixel in
the current block to be processed and the reference picture can
beused as an evaluation standard. In this case, a motion vector
with which the evaluation value 1s to be the minimum 1s
selected. The motion vector detection unit 308 outputs a
motion vector, per dividing method of macroblock, to the
mode selection unit 309.

The mode selection unit 309 determines a coding mode for
a macroblock using the intra prediction method obtained 1n
the 1ntra prediction unit 311 and the motion vector detected in
the motion vector detection unit 308. When determining the
coding mode, various methods can be used, however, a
method with which the coding error 1s smaller 1n smaller bit
amount 1s selected. Preliminary coding may be performed 1n
the mtra coding mode and the inter coding mode 1n the mode
selection unit 309 for determining the coding mode. Alterna-
tively, the coding mode may be determined using the amount
of code and the error between the input 1mage and the local
decoded 1mage or using the error between the intra prediction
image and the motion compensated image. In addition, 1n the
inter coding mode, a method for dividing the macroblock 1s
determined with an assumption that in which method for
dividing the macroblocks the coding efficiency will be the
highest.

The coding mode determined 1n the mode selection unit
309 and the information attached to the coding mode (the
intra prediction method 1n the case of intra coding mode, the
macroblock dividing method and motion vectors 1n the case
of inter prediction method) 1s outputted to the bit stream
generation unit 304. In addition, the image 1n accordance with
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the determined coding mode (an intra prediction image in the
case of the intra coding mode, and a motion compensated
image obtained from the transformed reference image 1n the
case ol inter coding mode) 1s outputted to the difference
operation unit 302 and the addition operation unit 306.

The difference operation unit 302 operates the difference
between the image data of the macroblock to be processed
and the 1image outputted from the mode selection unit 309 and
generates and outputs a predicted error 1mage.

The predicted error 1mage 1s inputted to the prediction
residual coding umit 303. The prediction residual coding unit
303 generates and outputs coded data by coding the predicted
error 1mage such as frequency transformation and quantiza-
tion. Here, frequency transformation and quantization can be
performed, for example, per unit with horizontally 4 pixelsx
vertically 4 pixels. The coded data outputted from the predic-
tion residual coding unit 303 1s mputted to the bit stream
generation unit 304 and the prediction residual decoding unit
305.

The bit stream generation unit 304 generates a bit stream by
performing variable length coding and others and by adding
information mputted from the mode selection unit 309 such
as the information on the coded mode, on the 1ntra prediction
method, on the motion vector, and on other headers and the
like to the mputted coded data.

The prediction residual decoding unit 305 performs decod-
ing such as mverse quantization and iverse frequency trans-
formation and the like, and generates and outputs a decoded
difference 1mage. The decoded difference 1image 1s to be the
local decoded image after addition with the predictive image,
and 1s stored in the frame memory 307. The local decoded
image 1s used for the intra prediction when coding subsequent
macroblocks.

Coding 1s performed on all the rest of macroblocks in the
input 1mage by continuing the processing. The image bit
stream generated in the coding processing unit 202 the refer-
ence 1mage 1s outputted to the reference 1image information
processing unit 204.

The mformation regarding the source of reference image
outputted from the similar image search unit 201 and the
image bit stream outputted from the coding processing unit
202 and information on the transformation matrix outputted
from the reference 1image processing unit 203 1s mnputted to
the reference 1mage information processing unit 204. The
reference 1mage information processing unit 204 processes
the information regarding the source of the reference image,
and the information on the transformation matrix as the addi-
tional information to the 1image bit stream. When processing
the information regarding the source of the reference image
and the information on the transformation matrix as addi-
tional information, there 1s a method 1n which the information
1s described on the header region or the user data region 1n the
image bit stream (FIG. 9A, FIG. 9B), or there 1s another
method 1n which the information 1s stored, transmitted and
received as data which 1s different from the 1mage bit stream
(FIG. 9C). When handling the data as data different from the
image bit stream, for example, 1n the case where the data 1s
recorded on the recording medium, the image bit stream may
be recorded on the content recording region and the additional
information may be recorded on the recording region for
content management information and attribute information.
In addition, for example, when the image bit stream 1s trans-
mitted and received via the network, the image bit stream may
be transmitted and received using a protocol or an ID different
from those of the additional information.

As described above, 1n the image coding method according
to the present invention, when coding a still image or when
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coding an 1mage conventionally coded in a moving picture
using the intra coding, a similar image with respect to the
image to be coded are searched and obtained from the images
stored 1n the device, database, a server on the Internet and
others. Furthermore, an 1mage bit stream 1s generated by
using the similar image as a reference 1mage and performing
an mter predictive coding. In addition, the information on the
similar image used for coding (the name of file and URL) 1s
added to the image bit stream as the additional information.

Theretfore, with the image coding method according to the
present mnvention, when coding a still image or when coding,
an 1mage conventionally coded in a moving picture using the
intra coding, it 1s possible to dramatically increase the effi-
ciency 1n coding (increase the compression rate) than the
conventional methods.

Note that, 1n the present embodiment, the description 1s
made that the transformation matrix of the reference 1mage 1s
computed 1n the reference image processing unit 203 (step
S5103), the transformation matrix may be computed in the
similar image search unit 201 (step S102). In this case, when
selecting a similar image from the stored images 1n the similar
image search unit 201 (step S102), the transformation matrix
from the input 1mage to the stored image 1s computed, and the
transformation matrix 1s set to be a basis for selecting the
similar 1mage. The transformation matrix corresponding to
the selected similar image 1s outputted to the reference image
processing unit 203. In this case, in the reference image
processing unit 203 (step S103), 1t 1s not necessary to calcu-
late the transformation matrx. In addition, 1n the similar
image search unit 201 (step S102), feature points are
extracted by the Harris operator and the SIFT method, and a
similar image may be obtained based on the correspondence
relationship of the feature points. In the reference image
processing unit 203 (step S103), a transformation matrix may
be computed from the correspondence of feature points
extracted 1n the similar image search unit 201 (step S102).

In addition, in the present embodiment, the description 1s
made for the case where a similar image with respect to the
input 1image 1s searched 1n the similar image search unit 201
(step S102) from the stored 1mages based on the similarity
and the keyword and the like, however, the similar image may
be selected by an explicit designation of the user from the
stored 1mages. In this case, the search using the similarity,
keywords and others, and the explicit selection of the user can
be combined. For example, similar images can be narrowed
down to a few by a search using the degree of similarity,
keywords and others, and the user designates an 1image which
the user preters to use for coding the mput 1image. In such a
method, despite the slight increase on the user’s workload, the
elficiency 1n coding 1s likely to improve further.

In addition, in the present embodiment, the description 1s
made for the case where only one reference 1mage 1s selected
in the similar image search unit 201 (step S102), however,
multiple reference 1images may be selected. When multiple
reference 1mages are selected, the reference 1mages may be
held 1n the frame memory 307 1n the coding processing unit
202, and coding may be performed using the rnulti-pieture
prediction method used in the H.264. In addition, in the
reference 1mage information processing unit 204, the infor-
mation on the source of the reference 1images and the 1nfor-
mation on the transformation matrix with respect to the
images used as reference 1images are processed as additional
information. FIG. 9D shows an example 1n which the addi-
tional mnformation 1s described as header information 1n the
image bit stream. In addition, even if the reference image 1s
held 1n the frame memory 307, when there 1s a reference
image which 1s not used as a reference picture 1n coding, 1t 1s
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not necessary to record or transmit the information regarding
the source of the reference image and the information on
transformation matrix as additional information.

In addition, 1n the present embodiment, the description 1s
made that the reference 1image 1s transformed to a transformed
reference 1image using the transformation matrix in the refer-
ence 1mage processing unit 203 (step S103), it 1s not neces-
sary to perform the transformation. This may be applied, for
example, to the case where the reference image 1s an 1mage
which 1s already similar to the input image. This renders the
generation of information regarding the transformation
matrix for the reference 1image 1n the reference 1mage nfor-
mation processing unit 204 (step S105) unnecessary, and 1t 1s
possible to slightly decrease the code amount.

In addition, in the present embodiment, the process has
been described with reference to FIG. 1, however, the order of
processing shown 1n the flowchart 1n FIG. 13A may also be
used. In FIG. 13A, step S1201 1s added to the order of pro-
cessing shown 1n FIG. 1. In step S1201, after a similar image
for the input 1image 1s searched 1n step S102 and the reference
image 1s obtained, it 1s determined whether or not the image
1s coded with reference to another image 1n the 1image coding
method according to the present invention and others. When
the reference 1mage 1s an 1mage coded with reference to
another 1image (Yes 1n step S1201), the processing returns to
step S102 and another similar image 1s searched again. When
reference 1mage does not refer to other images (No 1n step
S1201), processing after step S103 1s performed to code the
input 1mage. Such a processing prevents the images from
being referred to 1n a concatenated manner. In addition, when
the reference 1mage 1s coded with reference to other images,
the 1mage referred to by the reference image has to be
obtained 1n order to perform coding, resulting 1n complex
processing. The processing shown 1n FIG. 13 A prevents this
from occurring. In addition, even when the reference image 1s
an 1mage coded with reference to another image (Yes 1n step
S1201), the reference image may be used 1f the user agrees the
use of the reference 1image for coding the input image. FIG.
13B shows the order of processing 1n such a case. In FIG.
13B, step S1202 (judges whether the user agrees the use of the
reference 1image for coding the imnput image or not) 1s added to
the order of processing shown 1n FIG. 13A.

Note that the description has been made that the coding
processing umt 202 has a configuration capable of process the
moving picture coding method such as the H.264 and the
MPEG-2, the coding processing umit 202 may take any con-
ﬁguratlerr which 1s capable of generating the predictive image
for the input 1mage using the similar image as the reference
image, and coding the difference between the similar image
and the predictive 1 Image.

For example the difference between the similar image and
the imnput image may be compressed by the JPEG or the JPEG
2000. In addition, the coding processing unit 202 may not
include the intra prediction unit 311 which performs an intra
prediction coding in the moving picture coding method such
as the H.264 and the MPEG-2. In addition, the coding pro-
cessing unit 202 may not include the prediction residual cod-
ing unit 303 performs orthogonal transformation and quanti-
zation.

In addition, the degree of similarity may be an approximate
degree of similarity since the image coding apparatus accord-
ing to the present mvention can obtain a compression rate
higher than the conventional technology even if the degree of
similarity 1s low. For example, in the case where the input
image 1s taken on one person, the similar image may be an
image of another person, or an 1image which 1s similar only 1n
the background color, or an 1image which 1s similar 1n bright-
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ness, color, or tone. In this sense, the processing i S307,
5309, and S312 1n FIG. 3 are not necessary. Alternatively, the

threshold values T1 and T2 may be a small number and a large
value, respectively.

Processing 1n S302 to S314 of FIG. 3 may be performed
twice. In such a case, only a search on the storage medium 205
1s performed 1n the first S302, and a search on the internet 1s
performed on the second S302. The threshold values T1 and
12 may be changed for the first processing and the second
processing. The second processing may be skipped when a
candidate with a high degree of similarity 1s found 1n the first
processing.

The reference image information processing unit 204 may
copy a reference 1image file to the storage medium 2035 when
the reference 1image 1s a similar image found on the Internet.

Second Embodiment

FIGS. 10 and 11 are respectively a flowchart and a block
diagram showing an order of processing of the image decod-
ing method according to the present mvention. As shown 1n
FIG. 11, the image coding apparatus according to the present
invention includes a reference image obtainment unit 1001, a
decoding processing unit 1002, a reference image processing
unit 1003, and a bit stream processing unit 1004.

The 1nput bit stream 1s a bit stream generated in the 1image
coding method according to the present invention, and the
configurations are shown 1n FIG. 9. The bit stream 1s inputted
to the bit stream processing unit 1004 (Step S901). The bit
stream processing unit 1004 divides the bit stream 1nto the
image bit stream and the additional information bit stream.
The 1mage bit stream 1s outputted to the decoding processing
unit 1002 and the information on the source of the reference
image in the additional information bit stream 1s outputted to
the reference 1mage obtainment unit 1001. In addition, the
information on the transformation matrix in the additional
information bit stream 1s outputted to the reference image
processing unit 1003.

The reference image obtainment unit 1001 obtains a refer-
ence 1mage (FI1G. 5B) based on the information regarding the
source of the reference image obtained by the bit stream
processing unit 1004 (a file name and a URL and the like)
(step S902). The obtained reference image 1s outputted to the
reference 1mage processing unit 1003.

The reference 1image processing unit 1003 transforms the
reference 1image obtained from the bit stream processing unit
1004 1nto a transformed reference image (FI1G. 5C), and out-
puts the transformed reference 1mage to the decoding pro-
cessing unit 1002.

The 1mage bit stream and the transformed reference image
are mputted to the decoding processing unit 1002. FI1G. 12
shows the configuration of the decoding processing unit
1002. As shownin FI1G. 12, the decoding processing unit 1002
includes a prediction residual decoding unit 1105, an addition
operation unit 1106, a frame memory 1107, a motion com-
pensation unit 1108, a decoding control unit 1110, an intra
prediction unit 1111, switches 1112 and 1113. The decoding
processing unit 1002 includes functions for performing the
inter predictive decoding 1n the conventional moving picture
decoding method such as the MPEG-2 and the H.264 and the
like. However, the processing 1s different from the processing
in the conventional moving picture decoding method 1n that
the mput 1image 1s not an 1mage bit stream of the moving
picture.

The 1mage bit stream 1s inputted to the bit stream analysis
unit 1104. The bit stream analysis unit 1104 outputs, from the
image bit stream, the prediction residual data to the prediction
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residual decoding unit 1105, the coded mode information to
the decoding control unit 1110, the intra prediction informa-
tion to the intra prediction unit 111, and the motion vector
information to the motion compensation unit 1108, respec-
tively.

The transformed reference image i1s held in the frame
memory 307.

The decoding control unit 1110 connects the switch 1112
to d and the switch 1113 to a when, the coding mode of a
macroblock to be decoded is the intra coding mode. The intra
prediction unit 1111 obtains the pixel value of the pixels
around the block to be decoded (already decoded and stored
in the frame memory 1107) from the frame memory 1107,
and generates an 1ntra predictive image. The intra predictive
image 1s outputted to the addition operation unit 1106 via the
switch 1113.

The decoding control unit 1110 connects the switch 1112
to ¢ and the switch 1113 to b when the coding mode of the
macroblock to be decoded i1s the inter coding mode. The
motion compensation unit 1108 obtains a pixel value of the
transiformed reference image held in the frame memory 1107
based on the motion vector information obtained from the bit
stream analysis unit 1104 and generates a motion compen-
sated 1image. The motion compensated 1mage 1s outputted to
the addition operation unit 1106 via the switch 1113.

The prediction residual decoding unit 1105 generates and
outputs a decoded difference 1mage by performing decoding
such as an inverse quantization and an inverse frequency
conversion. The decoded difference image becomes a
decoded 1mage after an addition with the predictive image
(the intra predictive 1mage or a motion-compensated 1mage)
in the addition operation unit 1106, and 1s stored 1n the frame
memory 1107. The decoded image 1s used for intra prediction
when coding subsequent macroblocks.

Decoding 1s performed on all the rest of macroblocks in the
input image by continuing the same processing. The decoded
image generated in the decoding processing unit 1002 is
outputted as an 1mage decoded in the 1image decoding method
1000.

As described above, the image decoding method according
to the present invention obtains a similar image for the image
to be decoded from the 1images stored 1n devices, a database,
a server on the Internet and the like when decoding a still
image or an 1mage conventionally coded using the intra cod-
ing 1n the moving picture. The inter prediction decoding 1s
performed using the similar image as the reference 1mage to
generate the decoded 1mage.

Thus, with the image decoding method according to the
present mvention, a coded 1mage which 1s coded at a high
compression rate 1 the image coding method according to
the present invention can be properly decoded to a decoded
image.

Note that, 1n the present embodiment, the description 1s
made that the reference image 1s transformed to a transformed
reference 1mage using the transformation matrix in the refer-
ence 1mage processing unit 1003 (step S903), 1t 1s not neces-
sary to perform the transformation when the information
regarding the transformation matrix 1s not included 1n the bit
stream.

In addition, in the present embodiment, the order of pro-
cessing shown in the flowchart in FIG. 14 may be used instead
of the order of processing shown in the flowchart in FI1G. 10.
The order of processing in FIG. 14 1s different from the
processing 1 FIG. 10 1n that steps S1301 and S1302 are
added. More specifically, 1n the order of processing shown 1n
FIG. 14, 1t 1s judged whether there 1s the reference image
described 1n the bit stream (step S1301), and 1n the case where
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there 1s the reference 1mage (Yes 1n S1301), the processing in
step S902, S903, and S904 1s performed. In addition, 1f there
1s no reference 1mage (No in step S1301), the user 1s notified
of the information (step S1302), and the decoding 1s termi-
nated and the processing ends. With such processing, when
decoding cannot be performed since there 1s no reference
image, the user can be notified of the reason.

Third Embodiment

FIG. 15 1s a flowchart showing the order of processing in
the data management method according to the present inven-
tion. The data management method according to the present
invention 1s a method for handling image data on a device and
a computer in which the image data (file) generated 1n the
image coding method according to the present mvention 1s
stored (hereinafter simply referred to as devices).

When the user inputs an imstruction for deleting an 1image in
the device holding the image data (step S1401), the device
searches “other 1mage data which 1s coded using the 1image
data to be deleted as the reference image”™ (step S1402). Here,
the search can be performed, for example, by confirming the
decoding method of all image data 1n the device one by one,
or by creating a table showing the coding method of the image
data 1n the device 1 advance and using the table. When the
searched object 1s found (Yes 1n step S1403), the device
notifies the user of the information, and confirms whether the
image to be removed 1s removed or not (step S1404). When
the user agrees the deletion (Yes 1n step S1405), the image to
be deleted 1s deleted (step S1406). When the searched object
1s not found (No 1n step S1403), the image to be deleted 1s
deleted (step S1406). In addition, when the user does not
agree the deletion of the image to be deleted (No 1n step
S514035), the processing ends without deleting the image to be
deleted.

As described above, the data management method accord-
ing to the present invention searches and checks whether
there 1s the coded 1image when deleting the image data from
the device by referring to the image data of the image to be
deleted using the image coding method according to the
present invention or not. When there 1s the searched image,
the user 1s notified and 1t 1s confirmed whether the user agrees
the deletion or not.

Thus, with the image decoding method according to the
present imnvention, when the user tries to delete am 1mage
being referred to by an 1mage coded 1n the image coding
method according to the present invention, 1t 1s possible to
notily the deletion of the user. With this, it 1s possible to
prevent the image coded in the image coding method accord-
ing to the present invention from being unable to be decoded.

Fourth Embodiment

FIGS. 16 and 17 are a flowchart and a block diagram
respectively showing an order of processing in the image
processing method according to the present invention. The
1mage processing apparatus according to the present imven-
tion includes, as shown 1 FIG. 17, the removed area specifi-
cation unit 1201, the similar 1image search unit 1202, the
image completion unit 1203, and the reference image pro-
cessing unit 1204. FIGS. 18 A to 18F are pattern diagrams for
describing the order of processing in the image coding
method according to the present invention.

The mput image (FI1G. 18 A) 1s inputted to the removed area
specification umt 1201. The input image may be an 1mage on
which A/D conversion or image processing and the like 1s
performed 1n a camera after the image 1s read out from an
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image sensor configured of a CCD device and a CMOS
device, or may be an 1mage taken by a digital camera and the
like, or an 1mage scanned by a scanner and the like, the image
being read out from a recording medium (step S1101). In the
removed area specification unit 1201, a part to be removed 1n
the input 1mage 1s specified based on the designation by the
user and the i1mage recognition results and others (step
51102). When the mmage recognition technology 1s
employed, 1t 1s possible to specily the designation such as
deleting a specific object or deleting a person other than a
specific person 1s 1n the 1mage. Here, inside the area to be
removed 31 1s specified as a part to be removed 1n the remove
area specification unit 1201.

Subsequently, the mnput 1mage 1s inputted to the similar
image search unit 1202. The similar image search unit 1202
searches a similar image which 1s similar to the imnput image 1n
the same manner as shown in FIG. 3. In the similar image
search unit 1202, an image similar to the put image 1s
searched and obtained from the images stored 1n the storage
medium 1205 mside devices (cameras, personal computers,
and video recorders and others) and images stored in the
server 1206 on the Internet (Step S1103). When only the
images stored inside the devices are used, despite a high
search speed, the subjective image quality of the completed
image may be slightly lower. On the other hand, when the
images in the database or on the Internet are used, the sub-
jective image quality 1s higher, however, searching may take
time. Various conventional methods can be used for the
method to search similar images. When searching the similar
image, generally, a feature quantity 1s extracted from an
image. In addition, the distance scale based on the feature
quantity 1s defined. Furthermore, an 1image which 1s closer 1n
the distance scale with the input image 1s selected as a similar
image from the images stored in the storage medium and the
server and the like. Here, when the keywords and the imaging
location information obtained by the GPS and others, imag-
ing date information and others are attached to the image as
meta information, a search based on the keywords, the 1mag-
ing location information and the imaging date information
and others 1s performed, and then the images can be narrowed
down with reference to the image feature quantity. For
example, when the 1mage was taken at a sightseeing area, an
image similar to the input image can be extracted by using the
name of the sightseeing area as the keyword, using the loca-
tion of the sightseeing area as 1maging location information,
or by using the season or time as the imaging date informa-
tion. Here, the similar image obtained by the similar image
search unit 1202 may not be one, however, the following
description 1s made assuming that one similar picture (FIG.
18C) 1s obtained for the simplicity of description. In addition,
the similar image obtained by the similar image search unit
1202 1s referred to as a reference 1image. In addition, when
selecting the similar image, the area to be removed 31 may be
taken 1n consideration. For example, when extracting the
feature quantity, the feature quantity may be extracted by
significantly weighting the area around the area to be
removed 31, which 1s outside the area to be removed 31.

The reference image obtained 1n the similar image search
umt 1202 1s inputted to the reference image processing unit
1204. Even if the reference 1mage 1s an 1mage taken in the
same location as the mput image, the images are rarely taken
in the same angle or the same size. Thus, the reference image
processing unit 1204 transforms the reference image so that
the reference image has the same angle and the same size as
those of the input image (step S1104). Here, the description 1s
made for the case where the reference image 1s transformed
by the projection transformation (and the aifine transforma-
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tion) and the like, under the assumption that the distance
between the camera and the subject 1s significantly longer
than the depth of the subject (for example, 10 times longer or
more). In this case, 1t 1s necessary to compute a projection
transformation matrix between the mput image and the ref-
erence 1mage. Here, the correspondence relationship between
the imnput image and the reference 1image 1s computed, and the
projected transformation matrix 1s computed using the corre-
spondence relationship. When computing the correspon-
dence relationship between the mput image and the reference
image, a method, for example, for extracting feature points of
both 1images using the Harris operator and the SIFT method to
compute the correspondence relationship of the teature points
In addition, when computing the projection transformation
matrix from the correspondence relationship, using the
method such as the least square method using the correspon-
dence relationship of the inliers after outliers are detected
from the correspondence relationship and removed. Methods
such as the RANdom Sample Consensus (RANSAC) may be
used for detecting the outliers.

Even 11 the reference 1image 1s an 1mage taken in the same
location as the mput image, the brightness of the whole image
generally varies depending on the camera used for imaging
and the weather or the time when the image was taken. Thus,
the reference 1image processing umt 1204 transforms the ret-
erence 1mage so that the reference image has approximately
the same brightness of the mput image. In order to achieve
this, for example, a method such as the conventional histo-
gram matching and the like can be used.

The reference 1image processing unit 1204 transforms the
reference 1mage mnto a transformed reference image (FIG.
18D) by transforming the reference image using the com-
puted (projection) transformation matrix or by adjusting the
brightness of the reference image and outputs the transformed
reference 1image to the image completion unit 1203.

The mput 1image, the remove area mnformation obtained in
the remove area specification unit 1201, the transformed ref-
erence 1mage obtained in the reference 1image processing unit
1204 are inputted to the image completion unit 1203. In the
image completion umit 1203, a completed image (FIG. 18F) 1s
generated by deleting the pixels 1n the remove area from the
input 1mage, extracting the pixels of the transformed refer-
ence image 1n the same location as with the remove area (FIG.
18E), and filling the pixels to the remove area 1n the input
image (step S1105).

When filling the pixels of the transformed reference image,
the pixels may not be directly filled to the removed part.
Instead, the pixels may be filled by having an overlapping part
between the input image and the transiformed reference
image, and finding an appropriate boundary in the overlap-
ping part, and obtaining the pixels from the transformed ref-
erence 1mage along with the boundary to fill the input 1image.
For example, FIG. 19A indicates a selected area of the input
image, and the area outside the boundary 41 within the area to
be removed 31 1s determined to be the area to be left. F1G. 19B
indicates a selected area of the reference 1image, and the area
inside the boundary 42 which 1s outside the area to be
removed 31 1s determined to be the area to be lett. F1G. 19C
shows an overlapping area of the areas left 1n the input image
and the reference image. FIG. 19D indicates a result showing
an appropriate boundary 43 in the overlapping part. In this
case, the pixels 1inside the boundary 43 are obtained from the
reference 1mage and the completed 1image (output 1mage) 1s
obtained by filling the pixels to the input 1mage.

As described above, the 1image processing method accord-
ing to the present invention searches a similar image which 1s
similar to the mput image from the images stored in the
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devices, the database, and the server on the Internet and
obtains the 1mage as a reference 1mage when removing and
filling the part of the images. The transformed reference
image 1s generated aiter transforming the reference 1image so
as to have the same size and the 1maging angle as those of the
reference 1mage using the correspondence relationship
between the input image and the reference image. Finally, the
removed part of the input image 1s filled with the pixels of the
transformed reference image, and a completed 1mage 1s
obtained.

Therefore, with the image processing method according to
the present invention, a natural completed 1mage can be gen-
erated when deleting and filling a part of the image taken by
the digital camera and the like even when the removed part 1s
to be completed with an 1mage having a complex shape or
when the removed part 1s to be filled with an 1image with a
complex shape or the image which does not exist in the
non-removed part.

Note that, 1in the present embodiment, the description 1s
made that the transformation matrix of the reference 1mage 1s
computed 1n the reference 1image processing unit 1204 (step
S51104), the transformation matrix may be computed in the
similar 1mage search unit 1202 (step S1103). In this case,
when selecting a similar image from the stored images in the
similar image search unit 1202 (step S1104), the transforma-
tion matrix from the input image to the stored 1mage 1s com-
puted, and the transformation matrix 1s set to be a basis for
selecting the similar image. The transformation matrix cor-
responding to the selected similar image 1s outputted to the
reference 1mage processing unit 1204. In this case, i the
reference 1mage processing unit 1204 (step S1104), 1t 1s not
necessary to calculate the transformation matrix. In addition,
in the similar image search unit 1202 (step S1103), feature
points are extracted by the Harris operator and the SIFT
method, and a similar image may be obtained based on the
reference relationship of the feature points. In the reference
image processing unit 1204 (step S1104), a transformation
matrix may be computed from the correspondence relation-
ship of the feature points extracted in the similar image search
umt 1202 (step S1103).

In addition, 1n the present embodiment, the description 1s
made for the case where a similar image with respect to the
input image 1s searched 1n the similar image search unit 1202
from the stored images based on the degree of similarity and
the keyword and the like, however, the similar image may be
selected by an explicit designation by the user from the stored
images. In this case, the search using the degree of similarity,
keywords and others, and the explicit selection by the user can
be combined. For example, similar images can be narrowed
down to a few by a search using the similarity, keywords and
others, and an 1mage with which the user prefers to use for
coding the input 1mage can be selected by the user. In such a
method, despite the slight increase on the user’s workload, the
subjective 1mage quality of the completed 1image 1s turther
likely to improve.

In addition, 1n the present embodiment, the description 1s
made that the reference image 1s transformed to a transformed
reference 1mage using the transformation matrix in the refer-
ence 1mage processing unmt 1204 (step S1104), it 1s not nec-
essary to perform the transtformation. This may be applied, for
example, to the case where the reference 1mage 1s an 1mage
which 1s already similar to the mput image. With this, the
processing for transformation of the reference 1image can be
reduced, as well as a slight image blur which occurs when
transforming the reference 1image can be prevented.

In addition, 1n the present embodiment, the description has
made for the case where the completed image 1s generated by
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removing the pixels 1in the removed area 1n the input 1mage,
extracting the pixels of the transformed reference 1mage 1n the

same location as 1n the removed area, and {illing the pixels to
the removed area of the input image. However, the pixels of
the transformed reference 1image may not be directly filled
with the removed area of the input image. For example, in the
removed area of the input image, pixels may be filled so that
the feature quantity other than the pixel value of the reference
image (for example, first dertvation and the second dertvation
of the pixel value) matches. With such processing, the pro-
cessing amount slightly increases, however, a completed
image with higher image quality can be generated.

Note that the image completed in the present embodiment
may be compressed 1n the image coding apparatus according,
to the first embodiment. In this case, the 1mage processing
apparatus may have a configuration shown in the block dia-
gram of FIG. 17 with the coding processing unit 202 and the
reference 1mage information processing unit 204 are added.
The coding processing unit 202 performs compression cod-
ing of the completed still image outputted from the image
completion unit 1203 using the reference image generated
from the reference image processing unit 1204.

Fitth Embodiment

FIGS. 20A and 21 are respectively a tflowchart and a block
diagram showing an order of processing 1n the 1image pro-
cessing method according to the present invention. As shown
in FIG. 21, the image processing apparatus according to the
present information includes a super resolution processing
unit 3201, and a similar image search unit 3202. In addition,
FIGS. 22A to 22D are pattern diagrams for describing the
order of 1mage processing n the image coding method
according to the present invention.

The low resolution image (FIG. 22A) which 1s the input
image 1s mnputted to the similar image search unit 3202 (step
S3101). The similar 1mage search unit 3202 searches an
image which 1s similar to the input image 1n the same mariner
as shown in FIG. 3. In the similar image search unit 3202, a
similar 1image similar to the input image 1s searched and
obtained from the 1images stored 1n the storage medium 3203
inside the devices (cameras, personal computers, and video
recorders and others) and 1images stored in the server 3204 on
the Internet (Step S3102). When only images recorded 1n the
devices are used, the subjective 1image quality of the high
resolution 1mage obtained in the end may be shightly lower
despite the high search speed, while when 1mages on the
database or the Internet are used, 1t may take time to search
although the subjective image quality may be higher. Various
conventional methods can be used for the method to search
the similar images.

When searching the similar image, generally, a feature
quantity 1s extracted from an 1mage. In addition, the distance
scale based on the feature quantity 1s defined. Furthermore, an
image which 1s closer in the distance scale with the input
image 1s selected from the images stored in the storage
medium and the server and the like.

When selecting a similar 1image, an image with higher
resolution 1s selected rather than a low resolution image. The
correspondence relationship between the low resolution
image and a similar image may be used for selecting an image
with higher resolution. When computing the correspondence
relationship between the mput image and the reference
image, a method, for example, for extracting feature points of
both images using the Harris operator and the SIFT method to
compute the reference relationship of the feature points It 1s
assumed that FIG. 22A 1s a low resolution image, and FI1G. 22
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B 1sasimilarimage. FIG. 22C shows FIG. 22 A on the left and
FIG. 22B on the rnight, and some of feature points are shown
in black circles 1n the figure. Among these feature points,
301a¢ and 3015, 302a and 3025, and 303¢ and 3035 show the
correspondence relationship of the feature points. In this case,
if the distance between the corresponding points in the similar
image (for example, the distance between 3015 and 3025) 1s
longer than the distance between the corresponding points 1n
the low resolution 1mage (for example, the distance between
301a and 302a), 1t indicates that the similar 1mage 1s a high
resolution 1mage. Here, the distance 1s represented by the
number of pixels. In addition, 1t 1s assumed that the distance
between the camera and the subject 1s significantly longer
than the depth of the subject (for example, 10 times longer or
more), and an 1mage with small degree of transformation may
be selected by obtaining a projection transformation (or the
ailine transformation) parameters between the low resolution
image and the reference 1image. In this case, the correspon-
dence relationship between the mput low resolution image
and the reference 1image 1s computed, and the projected trans-
formation matrix 1s computed using the correspondence rela-
tionship. When computing the correspondence relationship
between the input 1image and the reference image, a method,
for example, for extracting feature points of both images
using the Harris operator and the SIFT method to compute the
reference relationship of the feature points In addition, when
computing the projection transformation matrix from the cor-
respondence relationship, using the method such as the least
square method using the correspondence relationship of the
inliers, after outliers are detected from the correspondence
relationship and removed. Methods such as the RANdom
Sample Consensus (RANSAC) may be used for detecting the
outliers.

Here, when the keywords, the imaging location informa-
tion obtained by the GPS and others, imaging date informa-
tion and others are attached to the image as meta information,
a search based on the keywords, the imaging location infor-
mation and the imaging date information and others 1s per-
formed, and then the 1mages can be narrowed down with
reference to the image feature quantity. For example, when
the image was taken at a sightseeing area, an 1mage similar to
the mput 1mage can be extracted by using the name of the
sightseeing area as the keyword, using the location of the
sightseeing area as 1imaging location information, or by using,
the season or time as the imaging date information. Here, the
similar image obtained by the similar image search unit 3202
may not be one, however, following description 1s made
assuming that one similar picture (FIG. 22B) 1s obtained for
the stmplicity of description. In addition, the similar image
obtained by the similar image search unit 3202 is referred to
as a reference 1image.

The reference 1image obtained 1n the similar image search
unmit 3202 1s also mputted to the super resolution processing
umt 3201. In addition, a low resolution 1mage 1s 1nputted to
the super resolution processing unit 3201. The super resolu-
tion processing unit 3201 adjusts the low resolution 1mage to
a high resolution using the reference 1image as a model, and
generates a high resolution 1image (step S3103, FI1G. 22D). In
such a case, the methods shown 1n the articles by A. Hertz-
mann, C. Jacobs, N. Oliver, B. Curless, D. Salesin, “Image
Analogies”, and by S. Baker and T. Kanade, “Limits on
Super-Resolution and How to Break Them” can be used. The
generated high resolution 1image 1s outputted from the super
resolution processing unit 3201.

As described above, the image processing method accord-
ing to the present invention searches an image which 1s simi-
lar to the mput image from the 1mages stored in the devices,
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the database, and the server on the Internet and obtains the
image as a reference 1image when changing the resolution of
a low resolution image to a high resolution. A high resolution
image 1s generated by using the reference image as a model
image and performing super resolution 1image processing on
the low resolution 1mage.

Therefore, the resolution of a low resolution 1image can be
changed to a high resolution by using the 1image processing
method according to the present invention even when the high
resolution 1image to be a model 1s not obtained 1n advance.

Variation of Fitth Embodiment

A variation of the fifth embodiment can be implemented as
described below.

FIGS. 20B and 23 are respectively a flowchart and a block
diagram showing an order of processing in the image pro-
cessing method 1n the variation. As shown in FIG. 23, the
image processing apparatus according to the present infor-
mation includes a super resolution processing unit 3401, and
a similar image search unit 3202, and a transformation table
generation unit 3402.

The low resolution 1image (FIG. 22A) which 1s the input
image 1s mnputted to the similar image search unit 3202 (step
S3101). The description for the processing 1n the similar
image search unit 3202 (step S3102) 1s omitted since the
processing 1s the same as the fifth embodiment. The reference
image obtained 1n the similar image search unit 3202 (FIG.
22B) 1s mputted to the transformation table generation unit
3402.

The transformation table generation unit 3402 generates a
transiformation table using the mputted reference image (step
S3110). The transformation table 1s a table showing a rela-
tionship between the low resolution component and the high
resolution component of the reference image, and a method
such as the method shown 1n the article by W. T. Freeman, T.
R. Jones and E. C. Pasztor, “Example-based Super-Resolu-
tion”. Furthermore, a table indicating a relationship between
the low frequency component and the high frequency com-
ponent of the reference 1mage may be generated using the
wavelet transformation or the Fourier transformation. The
generated transformation table 1s outputted to the super reso-
lution processing unit 3401.

The low resolution image and the transformation table are
inputted to the super resolution processing unit 3401. The
super resolution processing umt 3401 changes the resolution
of the low resolution 1mage to a high resolution using the
transformation table, and generates a high resolution 1image
(step S3111, FIG. 22D). Here, the resolution of the image can
be changed to a high resolution with a method suitable for the
transformation table generated in the transformation table
generation unit 3402. For example, when the transformation
table 1s generated using the method 1n the article by W. T,
Freeman, T. R. Jones and E. C. Pasztor, “Example-based
Super-Resolution”, the resolution of the image can be

changed to high resolution 1n the method presented 1n the
article.

As described above, 1n this variation, an 1image which 1s
similar to the input low resolution 1mage 1s searched from the
images stored 1n the devices, the database, the server on the
Internet and the 1mage 1s obtained as a reference 1mage when
changing the resolution of a low resolution 1image to a high
resolution. Furthermore, a high resolution image 1s generated
by generating a transformation table for generating a high
resolution 1mage from a low resolution image using the ref-
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erence 1mage, and performing super resolution 1mage pro-
cessing for the low resolution image using the transformation
table.

Therefore, the resolution of a low resolution 1image 1s
changed to a high resolution by using the 1image processing
method according to the present invention even when the high
resolution 1mage to be a model 1s not obtained in advance or
when there 1s no transformation table suitable for the input
low resolution 1image.

Note that, 1n the present embodiment, the description 1s
made for the case where a similar image for the input image
1s searched 1n the similar image search unit 3202 from the
stored 1mages based on the degree of similarity and the key-
word and the like, however, the similar image may be selected
by an explicit selection of the user from the stored images. In
this case, the search using the degree of similarity, keywords
and others, and the explicit selection of the user can be com-
bined. For example, similar images can be narrowed down to
a few by a search using the degree of similarity, keywords and
others, and the images are displayed on the screen (not shown
in FIGS. 21 and 23). The user designates an 1image which the
user prefers to use for completing the input image. In such a
method, despite the slight increase on the user’s workload, the
subjective image quality of the high resolution image 1s fur-
ther likely to improve.

In addition, 1n the variation, the description 1s made for the
case where a similar image 1s obtained and used as the refer-
ence 1mage. However, multiple similar images can be
obtained 1n the similar image search unit 3202 and used as
reference 1images in the super-resolution processing umt 3201
and the transformation table generation unit 3402.

Note that resolution of the image changed to high resolu-
tion 1n this variation may be compressed in the image coding
apparatus according to the first embodiment. In this case, the
Image processing apparatus may have a configuration shown
in the block diagram of FIG. 21 with the coding processing
umt 202 and the reference image information processing unit
204 of FIG. 1. The coding processing unit 202 performs
compression coding of the still image changed to high reso-
lution outputted from the super resolution processing unit
3201 using the reference 1mage provided from the similar
image search unit 3202.

Furthermore, the reference image processing unit 203 may
be added to the image processing apparatus. The reference
image processing unit 203 performs a predetermined trans-
formation to the similar image outputted from the similar
image search unit 201, and the transformed similar 1image 1s
provided to the coding processing unit 202 as the reference
image. Here, in the predetermined transformation processing,
at least one of the size or the imaging angle of the subject
image 1ncluded 1n the similar image 1s transtformed to match
the subject image included 1n the mput 1mage.

With this, the resolution of the first still image can be
changed to a high resolution, and furthermore, can be coded
at a high compression rate. For example, although the reso-
lution of the first still image 1s changed to high resolution, the
file size after coding can be reduced.

Sixth Embodiment

Recording a program for implementing the image coding
method, the image decoding method and the data manage-
ment method shown 1n the embodiments to a recording
medium such as flexible disks enables an easy implementa-
tion of the processing shown in each of the embodiments 1n an
individual computer system.
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FIGS. 24 A to 24C are explanatory diagrams showing the
image coding method, the 1image decoding method and the

data management method 1s 1implemented on a computer
system using a program recorded 1n a storage medium such a
flexible disk and the like.

FI1G. 24B shows an external view from the front and a cross
section structure of a flexible disk, and the flexible disk. FIG.
24 A shows an example of a physical format of the flexible
disk which 1s the main body of the storage medium. The
flexible disk FD 1s embedded 1n the case F, multiple tracks Tr
1s fTormed on the top surface of the disk, 1n concentric circles
from the outer periphery to the mner periphery, and each of
the tracks are divided 1into 16 sectors Se 1n the angular orien-
tation. Accordingly, in the flexible disk in which the program
1s stored, the program 1s recorded on the area allocated on the
flexible disk FD.

In addition, FIG. 24C shows a configuration in order to
recode and reproduce the program on the flexible disk FD.
When recording the image coding method, the image decod-
ing method and the data management method on the flexible
disk FD, the program 1s written from the computer system Cs
via the flexible disk drive. In addition, when developing the
image coding method, the image decoding method and the
data management method 1n the computer system with the
program on the flexible disk, the program 1s read out from the
flexible disk drive and transterred to the computer system.

Note that, in the description above, the description has been
made using the flexible disk as a storage medium, the same
processing can be performed using an optical disk. In addi-
tion, the storage medium may not be limited to them; how-
ever, the same processing can be performed by a medium 1n
which a program can be stored, such as an IC card and a ROM
cassette and others.

Seventh Embodiment

Furthermore, an example application of the image coding
method, the 1image decoding method and the data manage-
ment method shown 1n the embodiments above and a system
using the methods are described.

FIG. 25 1s a block diagram showing the entire configura-
tion of a content supply system ex100 which implements a
contents distribution service. The service area of a commu-
nication service 1s divided into a desired size, and base sta-
tions ex107 to ex110 which are fixed wireless stations are
installed 1n each of the cells.

Stations ex107 to ex110, devices such as a computer ex111,
a personal digital assistant (PDA) ex112, a camera ex113, a
mobile phone ex114, and a mobile phone with camera ex115
are connected to the content supply system ex100 via the
Internet ex101, an internet service provider ex102, and a
phone network ex104.

However, the content supply system ex100 may not be
limited to the combination shown 1n FIG. 25, and any of the
devices may be combined and connected. In addition, without
passing through the stations e€x107 to ex110 which are the
fixed wireless stations, the devices may be directly connected
to the phone network ex104.

The camera ex113 1s adevice such as a digital video camera
and the like capable of taking a moving picture. In addition,
the mobile phone may be a mobile phone 1n any of: Personal
Digital Communication (PDC); Code Division Multiple
Access (CDMA); Wideband-Code Division Multiple Access
(W-CDMA); or Global System for Mobile Communications
(GSM) or may also be a Personal Handyphone system (PHS).

In addition, the streaming server ex103 1s connected from
the camera ex113 via the station ex109 and the phone network
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e¢x104, which enables live delivery and the like based on the
coded data transmitted by the user using the camera ex113.
The captured data may be coded 1n the camera ex113 or a
server which transmits the data. In addition, the moving pic-
ture data captured by the camera 116 may be transmitted to
the streaming server ex103 via the computer ex111. The
camera €x116 1s a device which 1s capable of taking a still
image and a moving picture, such as a digital camera. In this
case, coding of the moving picture data may be performed on
the camera ex116 or the computer ex111. In addition, the
coding 1s performed on an LSI ex117 included in the com-
puter ex111 and the camera ex116. Note that, the software for
image coding and decoding may be mcorporated 1nto a stor-
age media (CD-ROM, a flexible disk, a hard disk and the like)
which 1s a recording medium that 1s readable by the computer
e¢x111 and the like. Furthermore, the moving picture data may
be transmitted by the mobile phone with camera ex115. The
moving picture data 1s the data coded 1n the LSI included in
the mobile phone ex115.

In the content supply system ex100, while the content
taken 1n the camera ex116 and others (such as images of a
music live) 1s transmitted to the streaming server ex103 after
coding 1s performed 1n the same manner as described in the
embodiments, the streaming server ex103 distributes the con-
tent 1n stream to the client which made a request. The clients
include the computer ex111, the PDA ex112, the camera
e¢x113 and the mobile phone ex114 and others which are
capable of decoding the coded data. In this manner, the con-
tent supply system ex100 1s a system 1n which the coded data
1s received and reproduced by the client. Furthermore, by
receiving in real time and decoding and reproducing the
coded data enables individual broadcast.

For coding and decoding 1n each of the device included 1n
the system, the image coding device and the image decoding
device shown 1n each of the embodiment may be used.

A mobile phone 1s described as an example.

FIG. 26 1s a diagram showing the mobile phone ex115 1n
which the image coding method, the image decoding method
and the data management method described 1n the embodi-
ments above are employed. The mobile phone ex1135 includes
a main body unit having: an antenna ex201 for transmitting
radio wave to/from the base stations; a camera unit ex203
such as a CCD camera capable of taking videos and still
images; a display unit €x202 such as an LCD ifor displaying
images taken 1n the camera unit €x203 and the decoded data
of videos and the like received 1n the antenna ex201; and
operation keys €x204, an audio output umt €x208 such as a
speaker for audio output, the audio mput unit ex205 for audio
input, a storage media ex207 for saving coded data or decoded
data such as the data of captured moving picture and taken
still 1mages, the data of recerved mail, the data of moving
picture and the data of sill images, and a slot €x206 which
makes the storage media ex207 attachable to the mobile
phone ex1135. The storage media ex207 1s, for example, an SD
card and the like which stores a flash memory device which 1s
a type of Electrically Erasable and Programmable Read Only
Memory (EEPROM) which 1s a nonvolatile memory capable
ol electric rewriting and erasing in a plastic case.

Furthermore, the mobile phone ex115 1s described with
reference to FIG. 27. In the mobile phone ex115, the main
control unit ex311 which generally controls each unit in the
main body part including the display unit €x202 and the
operation key €x204 1s mutually connected to the power sup-
ply circuit unit €x310, the operation mput control unit ex304,
the 1image coding unit ex312, the camera I/’F unit ex303, the
LCD control unit ex302, the image decoding unit ex309, the
multiple separation unit ex308, the record/reproduction unit
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ex307, the modulation/demodulation circuit unit ex306 and
the audio processing unit ex305 via a synchronous bus ex313.

The power supply circuit unit ex310 activates the digital
mobile phone with camera to an operable state by supplying
power to each unit from the battery pack when the call 1s
finished and the power key 1s turned on by the operation of a
user.

The mobile phone ex115 converts the audio signals col-
lected 1n the audio 1input unit ex203 1n the audio call mode into
digital audio data by the audio processing unit ex305, per-
forms spread spectrum on the digital audio data 1n the modu-
lation/demodulation circuit unit, and transmaits the data after
digital/analog conversion and frequency conversion 1s per-
formed on the transmission/reception circuit unit €x301 via
the antenna ex201. In addition, the mobile phone ex11S per-
forms a frequency conversion and an analog/digital conver-
sion by amplifying the reception signal received in the
antenna ex201, perform 1nverse spread spectrum processing
in the modulation/demodulation circuit unit ex306, and after
conversion to analog audio signals 1n the audio processing
unit ex305, the signals are outputted via the audio output unit
ex208.

Furthermore, when sending an e-mail 1n the data commu-
nication mode, the text data of the e-mail inputted when the
operation key ex204 is outputted to the main control unit
ex311 via the operation input control unit €x204. The main
control unit ex311 performs a spread spectrum processing 1n
the modulation/demodulation circuit unit ex306, and trans-
mits the text data to the station ex110 via the antenna ex201
alter the digital/analog conversion and the frequency conver-
s10n 1n the transmission/reception circuit unit ex301.

When transmitting image data in the data commumnication
mode, the camera unit ex203 supplies the image data taken in
the camera unit €x203 to the image coding unit ex312 via the
camera interface unit ex303. In addition, when the image data
1s not transmitted, the image data taken i1n the camera unit
ex203 can be directly displayed 1n the display ex202 via the
camera I/F unit ex303 and the LCD control unit ex302.

The 1image coding unit €x312 includes the 1image coding
apparatus described in the present invention, the 1mage data
supplied from the camera umit €x203 1s converted to coded
image data by coding the image data 1n the coding method
used for the image coding apparatus shown in the embodi-
ments above, and transmits the coded 1mage data to the mul-
tiple separation unit ex308. In addition, the mobile phone
ex115 transmits the audio collected 1n the audio mput unit
¢x205, when 1imaging in the camera unit ex203, to the mul-
tiple separation unit ex308 as digital audio data via the audio
processing unit ex303.

The multiple separation unit ex308 multiplexes coded
image data supplied from the image coding unit €x312 and the
audio data supplied from the audio processing unit ex305, and
performs spread spectrum on the multiplexed data obtained in
the modulation/demodulation circuit unit ex306, and trans-
mitted via the antenna ex201 after the digital/analog conver-
s10n processing and the frequency conversion processing in
the transmission/reception circuit unit ex301.

When receiving the data of moving picture file linked to a
website and others in the data communication mode, the
iverse spread spectrum processing 1s performed, i the
modulation/demodulation circuit unit €x306 on the received
signal received from the station ex110, and the obtained mul-
tiplexed data 1s transmitted to the multiple separation unit
ex308.

In addition, mm order to decode the multiplexed data
received via the antenna ex201, the multiple separation unit
ex308 separates the multiplexed data into the coded bit stream
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of the image data and the coded bit stream of the audio data,
and supplies the coded image data to the 1mage decoding unit
ex309 and supplies the audio data to the audio processing unit
¢x305 via the synchronous bus ex313.

Next, the image decoding unit €x309 has a configuration
described in the present invention. Reproduction moving pic-
ture data 1s generated by decoding the coded bit stream of the
image data in the coding method corresponding to the coding
method shown 1n the embodiments above, supplying the
reproduction moving picture data to the display unit ex202
via the LCD control umt ex302. With this, for example, the
moving picture data included 1n a moving picture file linked
to a website 1s displayed. At this time, the audio processing
unit ex305 converts the audio data to analog audio signals and
supplies the analog signals to the audio output unit ex208.
With this, for example, audio data included in the moving
picture file linked to a website 1s reproduced.

Note that, 1n recent years, not just the example of the
system, digital broadcasting with satellites and the terrestrial
digital broadcast has been attracting attention. As shown 1n
FIG. 28, at least one of the image coding apparatus and the
image decoding apparatus according to the embodiments
above can be incorporated into the digital broadcast system.
More specifically, the coded bit stream of the video informa-
tion 1n the broadcast station €x409 1s transmitted to the com-
munication or broadcast satellite €x410 via radio wave. The
broadcast satellite ex410 transmits the radio wave for broad-
casting, the radio wave 1s received 1n a household antenna
ex406, and the coded bit stream 1s decoded by the devices
such as a television (recerver) €x401 or a set top box (STB)
ex407 and 1s reproduced. In addition, it 1s possible to mount
the 1mage decoding apparatus shown in the embodiments
above on the reproducing apparatus ex403 which reads and
decodes the coded bit stream recorded on the storage media
ex402 such as CD and DVD and the like which is recording
medium. In this case, the reproduced video signal 1s displayed
in the monitor ex404. In addition, the image decoding appa-
ratus may be mounted the cable ex405 for cable TV or the set
top box ex407 connected to the antenna ex406 for the satel-
lite/terrestrial broadcasting, and the 1mage may be repro-
duced 1n the TV monitor ex408. Here, the 1image decoding
apparatus may be incorporated into the television, not into the
set top box. In addition, the moving picture can be reproduced
in the display apparatus such as a car navigation ex413 in the
car ¢x412 by receiving the signals from the satellite €x410 or
from the station ex107 and the like.

Furthermore, the image signal may be coded 1n the image
coding apparatus shown in the embodiments above and may
be recoded into a recording medium. More specifically, a
DVD recorder which records image signals on the DVD disk
ex421, or the recorder ex420 such as a disk recorder which
records the image signals on the hard disk are the examples.
Furthermore, the image signals may be recorded on the SD
card ex422. When the recorder €x420 includes the image
decoding apparatus shown in the embodiments above, the
image signals recorded on the DVD disk ex421 and the SD
card ex422 may be reproduced and displayed on the monitor
ex408.

Note that the configuration of the car navigation ex413 1s,
except the camera unit €x203 and the camera I/F unit 303 and
the 1mage coding unit €x312. Similar configuration 1s con-
ceivable 1 the computer ex111 and the television (receiver)
ex401.

In addition, terminals such as the mobile phone ex114 and
the like may be implemented as, in three different implemen-
tation variations, other than a terminal of transmission/recep-
tion type which includes both a coder and a decoder, a trans-
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mission terminal which only includes the coder, and a
reception terminal which only includes the decoder.

As described above, the image coding method, the image
decoding method and the data management method shown 1n
the embodiments above can be used 1n any devices and sys-
tems described above. Thereby the effects described 1n the
embodiments can be achieved.

Furthermore, each of the functional blocks shown in FIGS.
2,11,12,17, and 21 are typically achieved as a semiconductor
device such as LSI or an integrated circuit. The LSI can be 1n
plural single-function LSIs, or also can be 1n one integrated
LSI. (For example, functional blocks except for memory can
be integrated 1into one LSI.) The name used here 1s LSI, but 1t
may also be called IC, system LSI, super LSI, or ultra LSI
depending on the degree of integration.

Moreover, ways to achieve integration are not limited to the
L.SI, and special circuit or general purpose processor and so
forth can also achieve the integration. Field Programmable
Gate Array (FPGA) that can be programmed after manufac-
turing LSI or a reconfigurable processor that allows re-con-
figuration of the connection or configuration of LSI can be
used for the same purpose.

In the future, with advancement in semiconductor technol-
ogy, a brand-new technology may replace LSI. The integra-
tion can be carried out by that technology. Application of
biotechnology 1s one such possibility.

Furthermore, the cores of each of the functional blocks
shown 1n the functional block diagrams 1n FIGS. 2,11, 12,17,

21 and each flowchart shown in FIGS. 1, 3,10, 13A, 13B, 16,
20A, 20B and 15 are achieved by a processor or a program.

Although only some exemplary embodiments of this
invention have been described 1n detail above, those skilled in
the art will readily appreciate that many modifications are
possible 1n the exemplary embodiments without materially
departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to
be included within the scope of this imnvention.

INDUSTRIAL APPLICABILITY

The image coding method, the image decoding method and
the data management method according to the present imnven-
tion 1s effective for dramatically improving the coding effi-
ciency (increasing compression rate) when coding a still
image or an 1mage conventionally coded using the intra cod-
ing in the moving picture, and are useful as an 1mage coding
method, an 1mage decoding method and a data management
method 1n storage, transmission, and communication and the

like.

What is claimed 1s:

1. An 1mage coding apparatus comprising;:

a search unit operable to search at least one second still
image which 1s similar to a first still image from a group
ol 1mages;

a coding unit operable to generate a predictive 1mage for
the first still 1mage using the at least one second still
image as a reference 1image and to generate a bit stream
by coding a difference between the first still image and
the predictive image; and

an addition unit operable to add, to the bit stream, 1nfor-
mation which indicates a location of the at least one
second still image.

2. The image coding apparatus according to claim 1,

wherein each of the at least one second still image includes
a partial 1mage of a subject corresponding to a subject
image 1n the first still image.
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3. The image coding apparatus according to claim 1, fur-

ther comprising

a transformation unit operable to perform a transformation
processing on the second still image,

wherein the transformation processing 1s processing for
transforming the second still 1mage so as to match at
least one of a size of the partial image and an 1maging
angle of the partial image with a size of the subject image
and an 1maging angle of the subject image,

said coding unit 1s operable to generate the bit stream by
performing a predictive coding on the first still 1mage
using the transformed 1mage similar to the second still
image as a reference image, and

said addition unit 1s operable to add, to the bit stream,
transformation information which indicates the transfor-
mation processing performed on the second still image.

4. The 1image coding apparatus according to claim 1, fur-

ther comprising

a storage unit operable to store a plurality of still images,

wherein said search unit 1s operable to search the second
still image from the group of 1images which includes the
plurality of still images stored in said storage unat.

5. The image coding apparatus according to claim 1,

wherein said search unit 1s operable to search the second
still image from the group of images which includes still
images on the Internet.

6. The image coding apparatus according to claim 1,

wherein said search unit includes:

a degree-of-similarity computation unit operable to com-
pute a degree of similarity between each of candidate
images 1cluded 1n the group of images and the first still
image; and

a determination unit operable to determine the at least one
second still image from the candidate images in order of
the degree of similarity.

7. The image coding apparatus according to claim 6,

wherein said degree of similarity computation unit 1s oper-
able to:

extract a plurality of first feature points each of which
represents a feature of the first still image;

extract a plurality of second feature points each of which
represents a feature of the candidate image;

judge pairs each of which 1s a pair of one of the first feature
points and one of the second feature points which cor-
respond each other; and

compute the degree of similarity in such a manner that the
more the number of pairs 1s, the higher the degree of
similarity becomes.

8. The image coding apparatus according to claim 6,

wherein said degree of similarity computation unit 1s oper-
able to:

extract a plurality of first feature points each of which
represents a feature of the first still image;

extract a plurality of second feature points each of which
represents a feature of the candidate image;

judge pairs, each of which 1s a pair of one of the first feature
points and one of the second feature points which cor-
respond each other;

compute the transformation matrix, based on the pairs, for
transforming each of the candidate images so that at
least one of a size of the candidate image and an 1maging
angle of the candidate image matches a size of the first
still image and an 1maging angle of the first still image;
and

compute the degree of similarity in such a manner that the
lower the degree of transformation 1n the transformation
1s, the higher the degree of similarity becomes.
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9. The image coding apparatus according to claim 6,

wherein said degree of similarity computation unit 1s oper-
able to:

extract a plurality of first feature points each of which
represents a feature of the first still image;

extract a plurality of second feature points each of which
represents a feature of the candidate 1image;

judge pairs, each of which 1s a pair of one of the first feature
points and one of the second feature points which cor-
respond each other; and

compute the transformation matrix, based on the pairs, for
transforming each of the candidate images so that at
least one of the size of the candidate 1mage and the
imaging angle of the candidate image matches the size
of the first still image and the 1maging angle; and

compute the degree of similarity 1n such a manner that the
larger the number of pairs and the smaller the degree of
transformation are, the higher the degree of similarity
becomes.

10. The image coding apparatus according to claim 1,

wherein said search unit 1s operable to search each of
candidate images included 1n the group of images based
on metadata, and

the metadata includes at least one of a keyword, imaging
location information, and 1maging date information.

11. The image coding apparatus according to claim 1,

wherein said search unit 1s operable to exclude a still image
coded using another still image as a reference 1mage
from the at least one second still image.

12. The image coding apparatus according to claim 1,

wherein said coding unit 1s operable to code the first still
image on a block-by-block basis, and

at least one block 1s coded 1n the predictive coding of the
moving picture coding method using one of the second
still images as the reference 1image.

13. The image coding apparatus according to claim 12,

wherein said coding unit includes:

a reference memory 1n which the at least one of second still
image 1s stored;

a motion vector detection unit operable to detect a motion
vector of the at least one block using the second still
image 1n the reference memory as the reference 1image;

a subtraction unit operable to compute a difference
between the at least one block and a predictive image as
prediction residual, the predictive image obtained from
the reference 1image based on the motion vector; and

a variable length coding unit operable to perform a variable
coding on the prediction residual and the motion vector.

14. The image coding apparatus according to claim 1,

wherein said coding unit 1s operable to code the first still
image on a block-by-block basis, and

at least one block 1s coded 1n the bi-predictive coding of the
moving picture coding method using two of the second
still images as reference 1images.

15. The image coding apparatus according to claim 4,

turther comprising:

a reception unit operable to receive a delete istruction for
deleting the still image stored 1n said storage unit;

a judging unit operable to judge whether or not there 1s
another still image coded using the still image which 1s

a subject of the delete instruction; and

a notification unit operable to notify, when 1t 1s judged that
there 1s the another still image, that there 1s the another
still 1image.
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16. The image coding apparatus according to claim 15,

turther comprising

a deletion unit operable to delete the still image when said
reception umt receives the delete mstruction again, 1n
response to the notification.

17. The image coding apparatus according to claim 1,

turther comprising:

a designation unit operable to designate a first area 1n the
first st1ll image;

a specilying unit operable to specily a second area 1n the
second still image corresponding to the first area; and

a completion unit operable to remove pixels 1n the first area
and complete the removed first area with the pixels inthe
second area,

wherein said coding unit 1s operable to code the first still
image on which the completion 1s performed by said
completion unait.

18. The image coding apparatus according to claim 1,

further comprising

a super resolution unit operable to change a resolution of
the first still image to a high resolution using at least one
of the second still image as a reference 1image,

wherein said coding unit 1s operable to code the first still
image of which the resolution 1s changed to a high reso-
lution.

19. An 1image decoding apparatus comprising;:

an acquisition unit operable to acquire a bit stream and
additional information which indicates a first still image;

an 1mage acquisition unit operable to acquire a second still
image ndicated 1n the additional information; and

a decoding unit operable to generate a predictive image for
the first image using the second still image as a reference
image, and to add a prediction residual obtained from the
bit stream indicating the first image and the predictive
image to obtain the first still 1image.

20. An 1image coding method comprising steps of:

searching at least one second still image which 1s similar to
a first st1ll image from a group of 1mages;

generating a predictive image for the first still image using
the at least one second still image as a reference 1image;

coding, by generating a bit stream by coding a difference
between the first still image and the predictive image;
and

adding, to the bit stream, information which indicates a
location of the at least one second still image.

21. An 1image decoding method comprising steps of:

acquiring a bit stream and additional mformation which
indicates a first still 1image;

acquiring a second still image indicated 1n the additional
information;

generating a predictive image for the first image using the
second still image as a reference 1mage; and

adding prediction residual obtained from the bit stream
indicating the first image and the predictive image to
obtain the first still image.

22. A semiconductor device comprising:

a search unmt operable to search at least one second still
image which 1s similar to a first still image from a group
of 1mages;

a coding unit operable to generate a predictive image for
the first still image using the at least one second still
image as a reference 1image and to generate a bit stream
by coding a difference between the first still image and
the predictive image; and

an addition unit operable to add, to the bit stream, infor-
mation which indicates a location of the at least one
second still image.
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23. A semiconductor device comprising;:

an acquisition unit operable to acquire a bit stream and
additional information which indicates a first still image;

an 1mage acquisition unit operable to acquire a second still
image indicated 1n the additional information; and

a decoding unit operable to generate a predictive image for
the first image using the second still image as a reference
image, and to output the first still image by adding a
prediction residual obtained from the bit stream 1ndicat-
ing the first image and the predictive image.

24. An 1mage processing apparatus comprising;:

a search unit operable to search at least one second still
image which 1s similar to a first still image from a group
of 1images;
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a designation unit operable to designate a first area 1n the
first still image;

a specilying unit operable to specily a second area 1n the
second still image corresponding to the first area; and

a completion unit operable to remove pixels 1n the first area
and complete the removed first area with the pixels inthe
second area.

25. An 1mage processing apparatus comprising

a search unit operable to search at least one second still
image which 1s similar to a first still image from a group
of 1images, and

a super resolution unit operable to change a resolution of
the first still image to a higher resolution using the at

least one second still image as a reference 1image.
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